Introduction
============

Disturbances in motility and transit are common in functional gastrointestinal (GI) disorders such as irritable bowel syndrome, functional dyspepsia, gastroparesis, bloating or chronic idiopathic constipation. Because of the heterogeneous and overlapping nature of symptoms, it is often difficult to pinpoint which GI region is affected, and therefore a comprehensive evaluation of GI transit study can be useful. Knowledge of abnormal transit in these disorders will assist in planning appropriate management strategies.

Whole gut and regional transit time can be measured with different techniques including scintigraphy, breath tests and radio-opaque markers.[@b1-jnm-20-265] These techniques are limited by their availability, exposure to radiation and lack of standardization between centers. Antroduodenal or small bowel manometry and colonic manometry allow reliable physiological measurement of the GI tract but these tests are invasive and are only available in relatively few centers. An ingestible wireless motility capsule (WMC), which is similar to the capsule video endoscopy, is now available as a less-invasive alternative to the measurement of gut transit.[@b2-jnm-20-265] The capsule does not require any radiation and the methodology has been standardized both for study performance and study interpretation when compared to other techniques.

Test Equipment
==============

WMC (SmartPill; Given-Imaging Corp., Yoqneam, Israel) is a single use, ingestible but indigestible capsule measuring 26.8 mm in length and 11.7 mm in diameter. It houses sensors for pH (range 0.5--9.0, accuracy ± 0.5 pH units), pressure (range 0--350 mmHg, accuracy ± 5 mmHg) and also temperature (range 25--49°C, accuracy ± 2°C) ([Fig. 1](#f1-jnm-20-265){ref-type="fig"}). The capsule samples data every 20 seconds for the first 24 hours and every 40 seconds thereafter.

Prior to ingestion, the capsule requires activation using a magnetic fixture followed by pH calibration using the provided buffer. After activation and ingestion, the activated capsule transmits signals from the GI tract that are captured by the data receiver that is worn for the next 5 days. The data recorder is placed on a data logger that is designed to interface with a laptop for transmission. The software, MotiliGI (Given Imaging Corp.) will assist in interpretation of test results by a physician and in entering events during the test.

Test Procedure
==============

The patients are instructed to fast overnight and attend a motility lab. Certain medications (including proton-pump inhibitors, H~2~ receptor antagonist, prokinetics, antiemetic agents, anticholinergic agents, laxatives, narcotic analgesics and nonsteroidal anti-inflammatory drugs) should be discontinued 3 to 7 days prior to the test. After a standardized meal, a nutrient bar (Smartbar; Given Imaging Corp.) with calorie similar to an egg sandwich and 50 mL H~2~O, the WMC is ingested, and the subject is not permitted to eat or drink for the next 6 hours in order to assess gastric emptying time (GET). Patient is usually monitored in the lab for 1 hour after WMC ingestion. Subsequently, the patient is allowed to eat and drink as usual and wear the data receiver as shown in [Figure 1](#f1-jnm-20-265){ref-type="fig"} for the next 3--5 days. The subject is instructed to push the button on the receiver when certain events occur and also to keep a diary of these events (including meals, sleep, bowel movements and symptoms) so that they can be entered manually and to correlate events with manometric changes. Although study subjects are mobile during the study period, strenuous physical activities should be avoided since this may affect pressure reading. At the end of 5 days, the recorder is returned and data are downloaded via a docking station for subsequent analysis. Patient may or may not notice that they have passed the capsule but a loss of signal denoted by a "X" mark on the receiver screen, usually following a bowel movement, is a clue that the capsule has exited from the body.

Trouble-shooting During the Test and Complications (see [Table](#t1-jnm-20-265){ref-type="table"})
==================================================================================================

Some subjects may experience difficulty with swallowing the WMC. The test is contraindicated in patients with history of dysphagia, any oropharyngeal or esophageal stricture, or functional abnormality. Occasionally, several attempts may be needed. In those who fail to swallow the WMC, attempting for more than half an hour, placement can be aided by grasping the capsule with the PillCam (Given Imaging Corp.) delivery device ([Fig. 2](#f2-jnm-20-265){ref-type="fig"}) and then inserted directly into the stomach. Ideally this should be done under fluoroscopic guidance to ensure capsule delivery into the stomach. A recent report described successful placement of WMC in all three subjects.[@b3-jnm-20-265] Equipment malfunction is less common nowadays from a recent upgrade of the system. There is a risk for capsule retention, for as long as 26 days in reported surveillance but the retention rate is rare at 0.33% based on a post-market analysis of 6,000 capsules.[@b1-jnm-20-265] Prolonged retention for more than 2 weeks is confirmed by radiological identification and in some cases endoscopic retrieval is required. Most retained capsules would eventually exit from the body without the need for any invasive interventions although prokinetics or laxatives are frequently tried. The pH data may also assist in locating the non-exited capsule. Nevertheless, the test is contraindicated in patients with a known history of pseudo-obstruction or true obstruction, stricture, adhesion, ileus and gastric bezoar.

Indications
===========

SmartPill is approved by the US Federal and Drug Administration for the evaluation of suspected delayed gastric emptying (gastroparesis) and in constipation to differentiate slow from normal colonic transit. The 2011 position paper of the American and European Neurogastroenterology and Motility Societies (ANMS and ESNM) also recommends WMC (SmartPill) for the evaluation of regional (stomach, small bowel and colon) and generalized GI (whole gut) motility disorders.[@b1-jnm-20-265] Evidence suggests that many patients often have dysmotility that affects multiple regions rather than single region in the GI tract.[@b4-jnm-20-265],[@b5-jnm-20-265] In such cases, the WMC can eliminate the use of multiple tests that may include gastric emptying scintigraphy (GES), small bowel barium study and colonic radio-opaque markers (ROMs) or multiple repeat endoscopies or other radiological tests.[@b4-jnm-20-265],[@b5-jnm-20-265]

Analysis and Interpretations
============================

Normal Landmarks
----------------

The gut is characterized by physiological and anatomical landmarks that are utilized to facilitate localization of the regional transit time. The pH, temperature and pressure sensors on the WMC are utilized to help this. Upon ingestion of WMC, the room temperature will immediately rise to the body temperature, and this marks the entry time into the body. The initial pH can be high because of the meal given prior to capsule ingestion, but gradually this decreases and often an acidic pH profile of 1--2 is registered in the stomach. GET is calculated from the time of ingestion up to the time when the profile shows an abrupt and sustained rise in the pH (usually \> 3 pH units) from the gastric baseline. The abrupt pH rise marks the passage of capsule from the antrum into the duodenum.[@b6-jnm-20-265] The use of proton pump inhibitors may affect the magnitude of pH change, and therefore it should be avoided. One study showed that despite the use of proton pump inhibitors there was an abrupt and persistent pH change of \> 0.5 unit coinciding with capsule entry into the duodenum.[@b7-jnm-20-265] If there is still a doubt, one can look at the changes in pressure activity. Gastric contractions present with usually less frequent and large whereas small bowel contractions are smaller amplitude. The presence of gastric or duodenal contractions should be documented. Next, the ileocecal junction is identified by an abrupt pH drop of at least 1 pH unit that is sustained for 10 minutes and occurs at least 30 minutes after gastric emptying. In an elegant study using radioisotopes, the pH change was validated with cecal arrival time.[@b8-jnm-20-265] This pH drop in the ileocecal region is a result of fermentation in cecum and short-chain fatty acids production which is maximal in this region.[@b9-jnm-20-265] It is possible that in 15% of subjects, this pH drop is not observed and this may be related to the ileocecal valve incompetence.[@b8-jnm-20-265] Body exit time is denoted by a temperature drop to room temperature and/or loss of signal with bowel movement.

Abnormal Transit Time
---------------------

The cut-off for GET of 300 minutes provides a sensitivity of 0.65 and specificity of 0.87 for a diagnosis of gastroparesis.[@b10-jnm-20-265] The best correlation was with the GES at 4 hours with a correlation coefficient of 0.73. The capsule detects more delay in GET than GES (65% vs. 44%) presumably because it also measures the fasting state.[@b10-jnm-20-265] On the other hand, the cut-off for rapid GET with the capsule is unclear since the 2-hour proposed cut-off is not validated against scintigraphy and there is only one study which has shown that WMC was diagnostically useful but the sample size was small.[@b5-jnm-20-265] A very rapid GET may point to dumping syndrome.

Small bowel transit time (SBTT) is the time taken from entry of capsule in the duodenum until it has passed into the ileocecal region. The median SBTT in healthy volunteers is reported to be 4.6 hours (range 4.0--5.9 hours, 25th and 75th percentiles),[@b6-jnm-20-265] with rapid transit defined as less than 2.5 hours and delayed transit as more than 6 hours. There was a significant correlation in SBTT measured with the capsule and whole gut scintigraphy in normal volunteers (*r* = 0.69).[@b11-jnm-20-265] Patients presenting with symptoms of upper and lower GI motility disorders have significantly slower SBTT compared to controls (447 vs. 301 minutes) but the exact clinical significance remains unclear.[@b5-jnm-20-265] As previously mentioned, determination of SBTT may not be possible in some studies with poor pH landmarks.

Colonic transit time (CTT) is defined as the time between cecal entry of capsule and its exit from the body. Where time of cecal entry is not possible due to poor pH landmark (approximately 5% of cases), small and large bowel transit time is calculated.[@b1-jnm-20-265]

Measurement of CTT is indicated in patients with chronic constipation to distinguish slow from normal transit constipation. In studies using ROMs, the mean CTT was 30--40 hours (maximum 70 hours), with women having longer maximal CTT than men.[@b12-jnm-20-265],[@b13-jnm-20-265] Based on these studies, a delayed CTT with the capsule was defined as greater than 59 hours and a rapid transit as less than 5 hours. There was a good agreement in day 2 and day 5 CTT between the capsule and ROMs in healthy and constipated subjects.[@b5-jnm-20-265]

Whole gut transit time (WGTT) is the combined transit time of GET, SBTT and CTT and is defined as delayed when greater than 73 hours and rapid transit as less than 10 hours. There was a good correlation between scintigraphic WGTT and the WMC.[@b11-jnm-20-265] Constipated patients have been shown in a prospective study to have slower WGT besides slower GET and CTT.[@b2-jnm-20-265]

Software-assisted Analysis
--------------------------

The SmartPill's MotiliGI software allows the physician to analyse, report and export the findings with ease. There is an analysis wizard that guides the user in a step-by-step fashion through the data analysis. It assists in automatic calculation of GET, SBTT, CTT, combined SBTT/CTT and WGT in both graphical ([Fig. 3](#f3-jnm-20-265){ref-type="fig"}) and statistical formats with a summary report at the end. Even though the software may help to point out the anatomical landmarks, these need to be verified and changed accordingly by the reporting physician. Also, any pressure events that may correlate with symptoms should be documented.

How Clinically Useful Is Wireless Motility Capsule in Transit Measurement?
==========================================================================

In a group of 83 patients with suspected GI dysmotility, abnormal regional transit was found in 68% with 35.1% showing more generalized dysmotility in 2 or more regions.[@b4-jnm-20-265] With WMC, it eliminates the use of multiple tests to diagnose the more generalized form of dysmotility. In addition, WMC leads to new diagnoses and allows significant change in management decisions in more than half of cases[@b4-jnm-20-265],[@b5-jnm-20-265] including the need for colectomy. It also guides further work-up for example anorectal manometry in dyssynergic defecation or other imaging studies.[@b5-jnm-20-265]

Other Uses of Wireless Motility Capsule
=======================================

Besides functional GI diseases, recent evidence suggests that WMC is useful in the evaluation of transit and gastric pH in critically-ill patients,[@b14-jnm-20-265] cystic fibrosis,[@b15-jnm-20-265] geriatric[@b16-jnm-20-265] and also in the paediatric population.[@b17-jnm-20-265] WMC also provides regional and the whole gut pressure measurements. The limitation lies in its one pressure sensor that also migrates within the gut lumen. As such, WMC will not be able to characterize propagation and certain contractile patterns in the small and large bowel including migrating motor complex and propagating contractions. Despite this limitation, there have been a number of studies that suggest pressure measurement with WMC may have a complementary role to measurement of transit including predicting severity of gastroparesis[@b6-jnm-20-265] and providing mechanistic insight to slow-transit constipation.[@b18-jnm-20-265],[@b19-jnm-20-265] Other uses of WMC have included assessment of new drug effects on GI transit and their mechanisms of action.[@b20-jnm-20-265]

Conclusions
===========

WMC is truly an innovative non-invasive technology for the assessment of gut dysmotility. This technique eliminates the need for multiple tests, leads to new diagnoses and guides further work-ups and management decisions. Despite limitations including costs and lack of availability, this technology is continuing to evolve with new clinical indications and is expanding its horizons worldwide including Asia.
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![Equipments used for the SmartPill test. (A) The data receiver and laptop with the MotiliGI software is shown. The SmartPill capsule in the buffer is also shown. (B) The inside of a SmartPill capsule. (C) Activation of SmartPill capsule with a magnetic fixture.](jnm-20-265f1){#f1-jnm-20-265}

![In cases where patients have difficulty in swallowing, direct delivery of the capsule into the stomach can be aided with a delivery device used for the PillCam.](jnm-20-265f2){#f2-jnm-20-265}

![The gut transit profile in a patient with gastric emptying time (GET) of 2 hours, small bowel transit time (SBTT) of 3 hours and colonic transit time (CTT) of 12 hours. The tracings for temperature (blue), pH (green) and pressure (red) are shown, along with markers for body entry, gastric emptying, ileocecal entry and body exit.](jnm-20-265f3){#f3-jnm-20-265}

###### 

Analysis and Interpretations of Gut Transit Time With Wireless Motility Capsule

  Landmarks             Identification                                                                                                                                                        Transit time (hr)   Indications                                          Trouble-shooting                                                                                                                                                                  Reference
  --------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------- ---------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
  Body entry            Temperature rises to body temperature                                                                                                                                 \-                  \-                                                   Large capsule difficult to swallow, in which PillCam delivery device may be useful.                                                                                               \[[@b3-jnm-20-265]\]
  Gastric emptying      The pH drops to stomach baseline marks entry. Abrupt rise in the pH (\>3 pH units) from stomach base-line marks exit.                                                 2--5                Gastroparesis                                        Use of proton pump inhibitors may reduce pH change. Look at doubling of stomach and small bowel contractions during emptying if pH is non-confirmatory. Beware of fed response.   \[[@b4-jnm-20-265]\], \[[@b6-jnm-20-265]\], \[[@b7-jnm-20-265]\], \[[@b10-jnm-20-265]\]
  Small bowel transit   The pH rise marks entry. An abrupt pH drop of at least 1 pH unit observed at least 30 min after gastric emptying marks exit from ileocecal junction.                  2--6                Unclear but include upper and lower GI dysmotility   The pH drop not seen in 5--15% of cases due to ileocecal incompetence or altered microbiota. In such cases, calculate small and large bowel transit time together.                \[[@b1-jnm-20-265]\], \[[@b8-jnm-20-265]\]
  Large bowel transit   The pH drop marks entry into cecum. Exit of body is mark by drop of temperature to room temperature or loss of signal. Capsule may be identified during defecation.   10--59              Slow transit constipation                            If capsule not passed, there is a possibility of retention. Needs radiological identification in this case. pH data may be useful to locate the non-exited capsule.               \[[@b1-jnm-20-265]\], \[[@b2-jnm-20-265]\], \[[@b5-jnm-20-265]\], \[[@b12-jnm-20-265]\]

GI, gastrointestinal.
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